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METHOD AND SYSTEM FOR RE-TARGETING INTEGRATED 

CIRCUITS 



[.0011 The invention relates generally to the field of 
electronic design automation system for digital logic, and 
more particularly to a method and system for allowing a 
designer to re-target integrated circuit of different vendors 
from a set of post routed boolean equations targeted to an 
integrated circuit of one vendor. 
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,0002, Due to advancements in processing technology, it is 
now I ssible to pack millions of transistors in an integrated 
circuit UC>. As a result, very large and complex circuits 
can be implemented into an IC. This means that it is 
extremely difficult for a design engineer to 
manually. Currently, almost all design engineers 
range of software tools to generate and analyze models of an 
Zded system prior to its fabrication. Thes* . too U , suppo rt 
the efficient generation of circuit implementation deta Is 
from abstract specification models. They are also able to 
detect design mistakes early in the design proce, thereby 

offnr) ., cnent on erroneous designs, 
reducing unnecessary efforts spent on 

These tools contribute to great savings in time and money 

needed to develop ICS. 

^0003, During the early development of electronic design 
utomation, designers define the various modules of n IC at 

the gate level using a ^J^SC - 
Hardware Description Language (HDL) technique 
hdls and advances in simulation and synthesis technologies 
have enabled IC designers to design at a higher evel 
(register transfer level, or RTL) than at the gate level. 
0004, When designing using a HDL, the designer describes 
a module in terms of signals that are generated and 
propagated through combinatorial modules from one set of 
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S et of constructs to descr.be J ^ ^ a 

constructs such as ALWAYS blocks with sensitivity list, 

rients, ca SE ^-~£rzzrzz«» 

Z, allow designs to be descr ibed a, . the = 
register transfer, and at th [J^^™ transfe r le vel 

a Uows designs to be ^ ///^ . amtxI o£ hdls 
(RTL) and at the structural leve . ^h re a ^ 
»D in addition to Verilog, VHDL, and description of 

« f „ a single commercial vendor. A more detailed descriptio 

* M " It S L forth in Thomas and Moorby, -The Verilog 

N verilog rs set forth _ pushers 

0 Hardware Description Language Kluw 

£ ,1990) A more detailed description of VHDL is set 

* k c hang, "Digital Design and Modeling with VHDL and 
K.C. cnaiiy, * (1997). A more 

1 synthesis," IEEE Computer Society Press (199 
bailed description of ABEL is set forth m 
Reference," Data I/O Corporation (1994). 

*~ a HDL design is defined - . -erases 

design software suppli - ^ ~f ^ ^ , nto 
design entry source and then p ^ a 

that vendor's target IC. The des g equations 

set of optimized and P°«-™^°" e ^ ations may 

4- t-^o flpqion functionality. Tnese equao 
which represent the design tu equat ions are not 

^rr.r^ ::trr^og : «*. 

written m a ^r-onrietary language 

they are generally written using a proprietary 

format of the vendor. above- 
1 ^ a diagram that summarizes the afcove 

Zl Led r o/ar: electLic design system. A chip designer 

Orally defines a design »^ ^ then 

o fi or mixed schematic /HDL 38. Tne aesiy 
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generally a CPLD (complex programmable logic device, ^ 
(Held programmable gate array), gate array, standard cell 
based ASIC or a standard custom designed integrate circui 
based ash., o - o£twa re reads the design entry 

product, conventionally, this software re 
Lrce code (e.g., VHDL, verilog, or schematics^ optimizes 
the logic, and does place and route on the design. This 
Aeign software can generate either vendor dependent o 
vendor independent set o£ boolean equations 42 into a lie. 
,0007, m the programmable logic device (PLD, industry 
ome design software supplied by a first PLD vendor can read 

w-level boolean stations written by the 
second vendor, and then compile the equations to target 
devices of th first vendor. This is generally done to al ow 
Z gner who has originally targeted his/her design to the 
tecLIogy of the second vendor the ability to re-target the 
^ desfgn into a technology supported by the f rst vend or 
one of the problems is that when designs are re-targeted from 
oTe vendor to another using this method, the designer cannot 
Tad the intermediate files generated by the design software, 
edit the design, or simulate the design. 
[0 008] Mixed schematic/HDL designs present additional 
Z fi ulties. They contain top level schematics having user- 
defined bio* symbols for the HDL modules only. Topically, 
t schematics are vendor dependent, and are written usin^a 
proprietary schematic editor and proprietary symbol library 
of a vendor. As a result, they cannot be re-targeted to 
another family of ICS marketed by another vendor. 

"Tf" THE TNVMTIOM mc>th „d and 

— ^T^ntlnvention provides a novel method and 

1 . , rt allows a designer to easily 

system of electronic design. It allows a a 
re target a design optimized for the device of one IC vendor 
o the device of another vendor. The designer can start with 
a set of post-routed boolean equations optimized for a 
certain target. A corresponding synthesizable, editable, and 
simulatable HDL description is generated. The designer may 
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edit the HDL code. Another target may be selected. Design 
optimization and placement and routing can be performed for 
the new target. 

,0010] To implement the present invention, a system for 
automatically generating a HDL description of a design from 
Xow-level boolean equations is provided. This HDL description 
is synthesize, editable, and simulatable. The 
no longer retired to manually re-write the design into HDL 

code. . . 

tOOll] The above summary of the present invention is not 
ntended to describe each disclosed embodiment of the present 
invention. The figures and detailed description that follow 
provide additional example embodiments and aspects of the 
present invention. 

cttct nBSCRTWinw OF THF, DRAWINGS 

[0012] Fig. 1 is a diagram showing a prior art electronic 

design system. 

[0013] Fig. 2 is a block diagram showing a development 
environment of the present invention. 

[0014] Fig. 3 is a flow chart showing a procedure of the 

present invention. 

[0015] Fig. 4 is a flow chart showing the steps of 
generating HDL code of the present invention. 
MOM] Fig. 5A shows various entities of low level boolean 
equations that can be used in the present invention. 
[0017] Fig. 5B is a flow chart showing the parsing of 
logic equations in accordance of the present invention. 
[0018] Fig. 6A shows various synthesize VHDL objects in 
accordance with the present invention. 

[0019] Fig. 6B shows various synthesize Verilog objects 
in accordance with the present invention. 

[0020, Fig. 6C shows various synthesize ABEL objects in 
accordance with the present invention. 
[0021] Fig. 7 is flow chart showing the steps for 
generating a VHDL code of the present invention 
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[0022, Fig. 8A is an example of a 4-bit counter described 
using logic eolations in according with the present 

cZf ""'Figs. 8B-1 and 8B-2, in cognation, show VHDL code 

corresponding to the 4-bit counter of Fig. 8A. 

[00241 Figs. 8C-1 and 8C-2, in cognation, show Verilog 

code corresponding to the 4-bit counter of Fig. 8A 

[0025] Fig. 8D shows ABEL code corresponding to the 4-bit 

counter of Fig. 8A. 

[0026] Figs. 9A-9E, confined, show the steps for 
generating a Verilog code of the present invention. 

^^^T^^ela^7 an innovative method 
o generate high-level hardware descr iption anguage c d . 
a the following description, numerous specific stalls are 
"t forth in order to provide a more thorough understanding 
of the present invention. However, it wiU be apparent to 
one skilled in the art that the present invention may be 
practiced without these specific details. In otta. 
Instances, weil-known features have not been ^-ibed in 
detail in order to avoid obscuring the present invention. 
[ ,, As explained above, .any designers prefer to 
wi th high level technigues .such as ^ ™ ^ ^ . 
The scope of describing designs m HDL is quite larg, 
rich set of constructs and functionaries are available to 

describe any design. However, only a subset of these 
descnoe a y subset of all 

^nchmrts are synthesizable . mat ib, y 
constructs are y through automated 

of the available constructs can be taKen tnr a 
synthesis tools (such as the Design that « 

cLercially available from Synopsys, Mounta in v ew CA, 
cenerate gate level netlist in terms of the cells from a 
r t echnology Ubrary provided by the semiconductor 
vendor. This limited set of synthesize constructs is 
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referred to herein as synthesizable set, and meters of this 
set is called synthesizable objects. 

a .^prq like to work with synthesizable hdl 
T0029] Many designers iiKe . * 

constructs that can be easily targeted to ICS of di feren 
vendors. One aspect of the present invention « that it 
able to identify the synthesizable objects in a set of 
boolean eolations and translates the, into synthes Z ab . 
editable, and simulatable HDL constructs, With the present 
Mention, the designer does not need to know the syntax of 
t he boolean eolations to understand the functionality o£ the 

TotZ' The present invention operates in a development 
Z Lent 100 as shown in Fig. 2. Environment 100 contains 
en fcm ,. hat includes a conventional processor 102, 

! T^^^ U0. In the preferred 
embodiment, a combination of non-volatile memory Me- 
nard disk) and volatile memory (such as »™*°^ ^ 
access memory) are used. Memory 110 is used to store 
plurality of software modules, such as a language 
compiler/lin k er 112, source code (generated by the user 114^ 
brary files 116, object code 118, boolean elation 120 nd 
a synthesize and simulatable HDL code generator 122. Note 
that not all of these modules need to be present 
imulLeously. Language compileWlinker 112 and library 
files 116 may be conventional software packages that 
readily available from various vendors, such as Sun 

,00311 m one embodiment, the processor of Fig. 

1 roprocessor of a UNIX workstation. » 

interface, such as X-windows, from the 

xnstitute of Technology, is used as the us* . inter ace. 

A l t ematively a ^^^^L^ 
ri—^nins, Windows ... Windows 2000, and Windows 
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NT) may be used. Software in memory 120 may b, ^written in 
standard programing language, such as <:♦♦ and/or PERL^ 
[0032] The present invention provides a procedure of 

„ ■ f w is different from the prior art. Fig. 
electronic design that is ditterent BtarC s 
3 shows a procedure 140 of the present mven t*» It starts 
with a set of low level boolean eolations ste 142 N 
boolean equations typically represent inputs, 
inouts, logic expressions, relational expression , arithmetic 

„„,q vorri caters Based on this sec 01 
pynression, tristates, and registers, oao 

Rations, a synthesize, editable, and simulatable HDL 
soLe code is generated (step 144) . The user may edit the 
code (step 146, . Design optimization and placement and 
routing can be performed for a target IC selected by the 
u ser(step 1*8,. A different set of low 1-el boo - 
S| eolations may be generated as a result of step 148. 

0 C0033] The details of step 144 are shown in Fig. 4 
S tep 162, the low-level boolean equations are -ad into 

temporary storage (e.g. , in volatile memory) . In step 164 

1 " equations are carefully parsed. In step 166. equations 
5 that give rise to synthesize objects are identified. In 
5 steP 18, information that is relevant to the ^hesizab 

5 Sects is obtained from the boolean equations . In step 170, 

the corresponding HDL code is generated. 

,00341 Fig. 5 A is a diagram showing various entities that 
I be present in boolean equations. The objects are a se of 
boolean functions — used in digital esign. s^set 
of boolean functions in^ude ^ - ^ 
^rZ^^^ - registers tristate 
burfers 1,4, and open drain .tputs IS, ^ ^ 

elements include various forms of D n p 

COofs/^'Fig. 5B is a flow chart 300 showing the parsing of 

TiLi rz:TZ srrr a .-^i'S- 

invention. In step 30^, cne l are 
is read. In step 304, the inputs, outputs and inouts 
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read. In step 306, signal declarations are read. In step 308. 
logic expressions are read. In step 310, other 
(arithmetic and relational) are read. In step 312. 

in step 316, tristate buffers are read. In step 318, open 
drain outputs are read. The parsing of the boolean equations 

is completed. . 
10036] Fig. 6A is a diagram showing various synthesizable 
'b-ects in the synthesize, editable, and statable VHDL 
language of the present invention. They include 
entity/architecture ports 205, input/output ^ 
declarations 206, signal declarations 207, conditional D/T 

9ns signal assignments 209, conditional 
flip flop components 208, signal « 

D/T flip flop instantiation 210, design statistics 211, 
comments 212 and tristate/open drain outputs 213 . 
[0037] Fig. 7 is flow chart 330 showing the steps for 
generating VHDL code of the present invention. In step 332, 
information about design and/or statistics is written. In 
step 334, the inputs, outputs and inouts are written. In step 
336 signal declarations are written. In step 338, 

Ibinatorial expressions are written. In -ep 340 , -type 
flip flops are written. In step 342, T type flip flops are 
written. In step 334, other combinatorial expressions are 
written. In this flow chart, other expressions include 
expander equations (an architecture specific 
CPLDS, and eolations which contain active low left hand side 
(L HS» arguments. In step 346, tristate buffers are read. In 
st» 348, open drain outputs are written. The VHDL code is 

generated. rnunter (described using 

[0038] As an example, a 4-bit counter v 

I clean equations in according with the present invention, is 
shown in Fig. 8A. Figs. 8B-1 and 8B-2, in 

provide the corresponding synthesizable and simulatable VHDL 

[0039] The above principle can be applied to Verilog. Fig. 
L is a diagram showing various objects in the synthesizable, 
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editable, and simulatable Verilog language of the present 
invention. They include module ports 235, input/output inout 
declarations 236, wire/reg declarations 237, conditional D/T 
flip flop module 238, procedural continuous assignments 239, 
conditional D/T flip flop instantiation 240, design 
statistics 241, comments 242 and tristate/open drain outputs 
243. 

[0040] Steps similar to that illustrated in Fig. 7 may be 
used to generate Verilog code for a corresponding set of 
boolean equations. Figs. 9A-9E, combined, show a flow chart 
illustrating detailed steps. Figs. 8C-1 and 8C-2, in 
p combination, show the synthesizable and simulatable Verilog 

5 code corresponding to the 4-bit counter of Fig. 8A. 

? [0041] The above principle can be applied to ABEL. Fig. 6C 

5 is a diagram showing various objects in the synthesizable, 

p editable, and simulatable ABEL language of the present 

m invention. They include module ports 265, input/output inout 

■ declarations 266, node declarations 267, D/T flip flops 268, 

? logic equation assignments 269, and tristate/open drain 

W outputs 270. 

| [0042] Steps similar to that illustrated in Fig. 7 may be 

H used to generate ABEL code for a corresponding set of boolean 

equations. Fig. 8D shows the synthesizable and simulatable 
ABEL code corresponding to the 4-bit counter of Fig. 8A. 
[0043] Exemplary listings of programs (written in PERL) 
that can generate VHDL, Verilog and ABEL codes of the present 
invention are provided herein as appendix. The listings are 
recorded on a compact disc as a single text file entitled 
retarget.txt (created April 22, 2001 and is 84 KB in size). 
The content of this file is incorporated herein by reference. 

[0044] While the invention has been particularly shown and 
described with reference to a preferred embodiment and 

several alternate embodiments, it will be understood by 
persons skilled in the relevant art that various changes in 

form and detail can be made therein without departing from 

the spirit and scope of the invention. 
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